Award Number: DAMD17-99-1-9219

TITLE: An Estrogen Receptor-Selective Coactivator: A Potential
Regulator of Tamoxifen Effectiveness in Breast Cancer
Treatment and Prevention

PRINCIPAL INVESTIGATOR: Ramji R. Rajendran

CONTRACTING ORGANIZATION: University of Illinios
Champaign, Illinois 61820-6242

REPORT DATE: September 2002

TYPE OF REPORT: Annual Summary

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

20030214 248




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 074-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

September 2002 Annual Summary (1 Sep 99 - 31 Aug 02)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
An Estrogen Receptor-Selective Coactivator: A DAMD17-99-1-9219

Potential Regulator of Tamoxifen Effectiveness in
Breast Cancer Treatment and Prevention

6. AUTHOR(S):

Ramji R. Rajendran

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

University of Illinios
Champaign, Illinois 61820-6242

E-MAIL:
rajendra@students.uiuc.edu

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

-

13. Abstract (Maximum 200 Words) (abstract should contain no proprietary or confidential information)

The estrogen receptor (ER) is involved in breast cancer development and progression. We have isolated a novel 97 kDa
DEAD box RNA helicase (DP97) that interacts with the estrogen receptor alpha (ERa) in the presence of either estradiol or
trans-hydroxytamoxifen. DP97 represses the transcriptonal activity of the estradiol-occupied estrogen receptor and this
repression can be relieved with Trichostatin A(TSA), a selective histone deacetylase inhibitor. DP97 represses the activity
of a constitutive SV40 promoter when it is recruited as a Gal-4 DNA binding domain fusion protein. DP97 also interacts
with, and represses the activity of, other nucelar receptors such as the progesterone receptor b, glucocorticoid receptor,
and retionic acid receptor a. However, DP97 does not repress the activity of either p53 or VP16. We show that the N-
terminal helicase region of DP97 is dispensible for its activity as a transcriptional repressor. Furthermore, a BLAST
homology search of the remaining sequence of p97 reveales that this protein has a small region of homology with the
SMRTe(NCoR2) corepressor protein. This small region is also able to repress a constitutively active SV40 promoter when
it is recruited to it as a Gal-4 DNA binding domain fusion protein. Therefore, DP97 functions as a RNA helicase, a nuclear
receptor interacting protein, and as a transcriptional coregulator.

14. SUBJECT TERMS 15. NUMBER OF PAGES
breast cancer, estrogen receptor, transcriptional coregulator 17
16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANS! Std. 239-18
298-102




Table of Contents

GOV .. eueeureseasrasenssnsnssassassnssassssasssssastaseusassastassssnassssssrsstasnssannasnssanansss 1
SF 208....eeuteeueernacenesranseessrrsseranssnessanssesssanasssnnssrassnssssenssstsnsssinassanmnases 2
Table Of CONTENES.....vvevervreerererrarraresesesesarnssasarararassssrasasararararassanasmansss 3
INtrOAUCHION. .. ..iirerieernrer e s e rerrimsss s ss s s e s s e ta s e e r e s s s s s s s s e s nes 4
BOUY. . ueurnnnsrrrereriisiesararrannr e e s 7
Key Research Accomplishments....... enseerersssevsRERESRSataSEeRsaRasonRERLIaERRSE 11

Reportable OULCOMES.....coccriirriiieesenir it et 13
CONCIUSIONS...ccuierreieiernirneresrasrasssraasssatsesassesmnssssessassasrasmmmassesnsssses 15
RO OIS . uenruesecereraerernsarererssnmsasssassasassssnsasasarassssasesscussananseransasasiass 16




INTRODUCTION

Nuclear receptors act as a conduit for cognate hormonal ligands that
activate or repress gene transcription in a manner that is dependent on the
nature of the coregulator proteins (coactivators or corepressors) that are
recruited to the ligand-receptor complex. While many coactivator proteins have
been identified, there appear, by contrast, to be relatively few corepressor
proteins (1). Coactivators include the SRC/p160 family of proteins, which
function as coactivators by recruiting CREB binding protein (CBP) and/or p300
complexes that up-regulate nuclear receptor activity through their histone
acetyltransferase activity. ATP-dependent chromatin remodeling complexes,
such as BRG1/hBrm, and the TRAP-DRIP-ARC complex, which act sequentially
or combinatorially, also enhance gene transcription by facilitating RNA
polymerase Il recruitment to promoters (3-5).

The corepressors NCoR (nuclear receptor corepressor) and SMRT
(silencing mediator of retinoic and thyroid receptor) function as major negative
regulators of several members of the nuclear receptor family, including thyroid
and retinoic acid receptors, and they appear to exert their repressive activities
through recruitment of histone deacetylases to promote a repressive chromatin
state. In the case of fhe estrogen receptor (ER), two additional negative
coregulator proteins have been identified; these are the repressor of estrogen
receptor activity (REA) (6,7) as well as a repressor of tamoxifen transcriptional

activity denoted RTA (8). To search for other factors that are involved in




mediating the activity of estrogen agonist and antagonist ligands, we used 2-
hybrid interaction screening with antiestrogen liganded-ER as bait. Through this
screen, we have isolated a novel DEAD box RNA helicase that acts as a
corepressor of the liganded ER, and of other nuclear hormone receptor
superfamily members.

Two other DEAD box RNA helicase proteins have been shown to be
specifically involved in modulating nuclear receptor transcriptional activity. p68
RNA helicase interacts with the N-terminal A/B region of ERa and selectively
potentiates the activity of ERa; this coactivator does not interact with or serve as
a coactivator of either ERP or other nuclear receptors (9, 10). Another DEAD box
RNA helicase, DP103, has been shown to interact with a specific repression
domain in the orphan nuclear receptor, steroidogenic factor-1 (SF-1) and
potentiate the transcriptional repression activity of SF-1 (11). In contrast, DP97
interacts with the C-terminal hormone binding region of ERo,, ERp and other
nuclear receptors and functions more broadly as a corepressor of these
receptors. For all three proteins, the DEAD box motifs are not required for théir
role as nuclear receptor coregulators.

The recruitment of DP97 to ligand-occupied nuclear receptors results in
suppression of their transcriptional activity. DP97 also has intrinsic repressivé
activity of a constitutively active promoter when it is recruited as a GAL4 DNA
binding domain fusion protein. In fact, DP97 has a small region that shows

significant homology to a repression domain in the known corepressor NCoR2




(SMRTe.) This repression domain is necessary and sufficient for the
transcriptional repression activity of DP97.

In this study, we have characterized the role of a novel DEAD box RNA
helicase protein, DP97, in the transcriptional activity of nuclear receptors. The
DEAD box motifs are dispensable for the repression activity of DP97. Also,
DP97 has intrinsic transcriptional repression activity and a transcriptional
repression domain that shows homology to NCoR2. A selective histone
deacetylase protein, Trichostatin A, is able to relieve the repression caused by
DP97. Finally, knocking down endogenous DP97 protein levels in cells makes

them respond more strongly to estrogens.




BODY

In the third year of this work, we describe the identification of a novel
DEAD box RNA helicase, DP97, that interacts in a hormone-dependent manner
with the estrogen receptor and other nuclear receptors and has several
interesting biological properties. DP97 is an ATP-dependent RNA helicase; it
interacts with and represses the activity of nuclear receptors; and it has a small
region of sequence homology with NCoR2 (SMRTe) that is responsible for its
intrinsic transcriptional repression activity. Analysis of the repression activity of
truncated forms of the DP97 protein show that the DEAD box motifs are
dispensable for DP97 repression activity, indiéating that its RNA helicase and
corepressor activities represent distinct and separable functions.

Nuclear receptor corepressors, such as NCoR1 or NCoR2, typically have
separable functional domains for nuclear receptor interaction and for
transcriptional repression (12, 13). Using GST pull-down analysis, we have
shown that the C-terminal part of DP97(663-865) is the region that interacts with
the C-terminal portion of nuclear receptors encompassing the ligand binding/AF-
2 regions. Although DP97 contains 3 NR boxes (LXXLL motifs) through which
‘many coregulators interact with nuclear receptors, these NR boxes are in the N-
terminal portion of DP97, not in the C-terminal region that interacts with nuclear
receptors. This indicates that other sequences in DP97 are responsible for its
receptor interaction. This is consistent with findings from peptide phage display

and studies with other coregulators (6-8) that have shown that peptide




sequences in addition to LXXLL motifs (and CoRNR boxes) can interact with
nuclear receptors with high affinity (14, 15).

We have shown that DP97 has an intrinsic active transcriptional
repression region. Like DP97, several other transcriptional repressor proteins
have small transferable regions with active transcriptional repression activity.
These include Nab-1, a direct acting corepressor of the NGFI-A family of zinc
finger transcription factors (16), Sim-2, a protein involved in midline development
in mice (17), and AREBS, a zinc-finger homeodomain transcription factor (18).

It is of note that the repression region of DP97 shows considerable
homology with a repression domain in the well known corepressor, NCoR2
(SMRTe(13,19,20,21)). As shown in Figure 8B, DP97(589-631) has homology to
two regions in NCoR2, amino acids 498-534 and amino acids 813-839.
NCoR2(813-839), is within the second repression domain (RD2) of NCoR2 (19).
NCoR2(498-534) encompaéses a polyglutamine and acidic-basic region (20) that
is between SANT(SWI3, ADA2, NCoR, TFIIIB:
http://www.uib.no/aasland/SANT.html) domains A and B. Since this region has
only been examined as a Gal4 fusion along with other repressive regions of
NCoR2 such as the SANT domains and the region of high similarity between
NCoR and NCoR2 (33), it is not known whether NCoR2(498-534) has intrinsic
repression activity on its own. Our observations with DP97 expand the utilization
of related motifs for nuclear receptor regulation beyond SMRT/NCoR to a new

corepressor protein, DP97.




With the exception of the small repression region (amino acid 589-631) of
DP97, DP97 shows no structural resemblance to NCoR or SMRT or to two other
proteins known to be negative coregulators for nuclear receptors (repressor of
estrogen receptor activity (REA) and repressor of tamoxifen transcriptional
activity (RTA)). Like DP97, REA preferentially interacts with antiestrogen-
liganded ER but both also interact with estrogen-occupied ER. However, in
sharp contrast to DP97, REA is an ER-selective coregulator (6,7,22). RTA binds
to ER as well as other nuclear hormone receptors, as does DP97, but RTA
interacts through the N-terminal region of the receptors in a ligand-independent
manner, whereas DP97 interaction with receptor is via the hormone
binding/activation function-2 domain and is ligand regulated. Of interest, RTA
contains RNA recognition motifs that are required for its repressor function,
indicating a role for RNA binding in regulation of nuclear receptor activity (8). For
DP97, its repressor activity is physically and functionally separable from its RNA
helicase activity.

In this work, we identify a novel RNA helicase from a human breast cancer
cDNA library, that interacts in a hormone-dependent manner with nuclear
hormone receptors and represses their transcriptional activity. Since RNA
helicases are known to be involved in many aspects of RNA processing,
including RNA transcription, processing and transport and ribosome biogenesis,
it is tempting to speculate that there is perhaps a linkage between RNA

processing and transcriptional activity of the nuclear hormone receptors. DP97




may be the beginning of some regulatory feedback mechanism that could have
positive components (p68) and negative components (DP97), as well as receptor
specific and receptor nonspecific factors. Further understanding to the role of
RNA binding proteins and helicases will better allow for the role of these proteins

in nuclear receptor transcription al activity.
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Key Research Accomplishments for 9/1999 to 9/2002

Obtained full-length clone of a novel protein originally isolated from a yeast-
two hybrid screen

Performed ATP hydrolysis assays of p97 protein to characterize its
biochemical ATP dependent RNA helicase activity

Upon further characterization, the 97 kDa novel protein was found to act as a
repressor of the estrogen receptor in many different estrogen-responsive
promoter gene constructs such as pS2, thymidine kinase, and complement
C3.

" Determined that the C-terminal region of p97 interacts with the DEF region
(and not the ABC region) of the estrogen receptor in a ligand dependent
manner

Determined that DP97 is able to work as an intrinsic repressor on
constitutively active promoters

Linked the ability of DP97 to repress transcriptional activity of the estrogen
receptor to histone deacetylase activity

Determined that the N-terminal DEAD box motifs containing region of p97 is
not required for the repression of the estrogen receptor

Determined that p97 is able to work as an intrinsic repressor on constitutively
active promoters and that p97(413-663) is able to maintain this intrinsic

repression activity
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Found a region of DP97 with a high homology to SMRTe that is necessary
and sufficient for the intrinisic repression of DP97
Linked the ability of p97 to repress transcriptional activity of the estrogen

receptor to histone deacetylase activity
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CONCLUSIONS

We have identified a novel DEAD box RNA helicase (97 kDa, DP97) from
a breast cancer cDNA library that interacts in a hormone-dependent manner with
nuclear receptors and represses their transcriptional activity. DP97 has RNA-
dependent ATPase activity, and mapping studies have localized the interacting
regions to be between the hormone binding/activation function-2 region of
estrogen receptors (ER) and several other nuclear receptors to the C-terminal
region of DP97. The region of DP97 that is responsible for repression maps to a
small central region (amino acids 589-631) that has homology to a repression
domain in the corepressor protein NCoR2/SMRTe. This region of DP97 is
necessary and sufficient for intrinsic repression activity, repressing the activity of
a constitutive SV40 promoter when it is recruited as a Gal4 DNA binding domain
fusion protein. The N-terminal helicase region of DP97 is dispensable for its
transcriptional repressor activity. Neutralization of endogenous cellular DP97 by
expression of antisense DP97 results in significant enhancement of estradiol-ER
stimulated transcription, implying that endogenous DP97 normally suppresses
\ transcriptional activity of the receptor. Thus, DP97, a novel DEAD box RNA
helicase, functions as a hormone-dependent nuclear receptor interacting protein

and transcriptional coregulator.
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